OBJECTIVES: To examine differences in the pattern of weight changes during and after pregnancy among four pregravid body mass index (BMI) groups. STUDY DESIGN: Prospective cohort study of women who had two consecutive births at the University of California, San Francisco (UCSF) between 1980 and 1990. MEASUREMENTS: Maternal body weights were available before conception and delivery, and at 6 weeks postpartum for the ®rst (index) pregnancy, and before conception for the second study pregnancy. Height and two pregravid weights were selfreported. Weights at delivery and 6 weeks postpartum were measured. Net delivery weight was de®ned as delivery weight minus infant birth weight. Three non-overlapping sequential weight changes were constructed: (1) net gestational gain (net delivery weight minus pregravid weight at the index pregnancy); (2) early net postpartum weight change (6-week postpartum weight minus net delivery weight); and (3) late postpartum weight change (pregravid weight at the second pregnancy minus 6-week postpartum weight). SUBJECTS: A total of 985 healthy women (age 18 ± 41 y) from four raceaethnicity groups (Asian, Hispanic, black and white) who had a singleton, full-term, live birth for the index pregnancy followed by a second consecutive birth. RESULTS: Four raceaethnicity groups were combined (no interaction) to contrast average weight changes among pregravid BMI groups. Means adjusted for eight covariates (parity, raceaethnicity, education, mode of delivery, smoking, hypertension of pregnancy, age, height) and time intervals were not altered appreciably. Early net postpartum weight losses were similar for all pregravid BMI groups. Late (median of 2 y) postpartum weight losses were 4 kg higher in the low and average BMI groups compared with the highest BMI group. About half of the net gestational gain was lost by 6 weeks postpartum, and the percentage that was lost decreased over time. CONCLUSIONS: This study suggests that early postpartum weight loss does not vary by maternal pregravid BMI group, but late postpartum weight change does. Serial weight measurements are needed in epidemiologic studies to differentiate retention of gestational gain from weight gain during the late postpartum period.
Introduction
Pregnancy results in substantial changes in maternal body weight that may persist through the postpartum period. In general, a gestational gain of 12 ± 14 kg corresponds to a gain in fat of 4 ± 6 kg. Nonetheless, wide variability in gestational gain and energy intakes is typical and often compatible with good pregnancy outcomes. This variability is also re¯ected in postpartum weight increases. On average, the body weight of European or American women is 1 ± 2 kg heavier by 6 ± 18 months postpartum or beyond, 1 ± 6 but among 20% of women, body weight may increase by b5 kg above preconception levels. 4, 7 Thus, pregnancy-related weight increases may pose substantial health risks for many women.
Excessive weight increases from preconception to postpartum have been attributed to high gestational gain, but pregravid body size may also play a role. 4,7 ± 11 Women who are overweight before pregnancy generally experience greater and more variable increases in postpartum body weight, despite having lower gestational gains and larger babies on average. 12 In the ®rst longitudinal study on postpartum weight, McKeown and colleagues concluded that weight change during 12 months postpartum was largely in¯uenced by the woman's weight prior to pregnancy; the heavier the woman, the larger the increment of the mean weight`retained'. 10 Overweight women in a 1960s Aberdeen cohort showed a greater increase in body weight by the next pregnancy compared to those of average size. 11 In the 1988 National Maternal and Infant Health Survey (NMIHS), overweight women were more likely to experience weight increases above 6 kg between preconception and 10 ± 18 months postpartum than low and average groups. 4 However, use of self-reported pregravid and postpartum weights may have introduced substantial bias since high BMI groups may underestimate their body weight by as much as 5 kg. 13, 14 Therefore, both gestational gain and postpartum weight changes may be in¯ated to a greater extent among high than low BMI groups due to reporting bias. The few longitudinal studies that obtained measured pregravid weights have insuf®cient sample sizes to examine weight changes for speci®c BMI groups. 3, 5 Linear regression models assessing the role of pregravid weight or BMI have shown con¯icting results.
2,7 ± 9,15 ± 17 Four studies found a weak, positive association between pregravid weight or BMI and preconception to postpartum weight change independent of gestational gain, 7 ± 9,17 and three others found no evidence of an association. 2, 15, 16 The inconsistent ®ndings with respect to pregravid BMI may be due to either lack of heterogeneity in pregravid weight for the sample, effect modi®cation by BMI in the association between gestational gain and preconception to postpartum weight change, lack of an association, or confounding of the pattern of the sequential weight changes over time. For example, gestational gain may be unrelated to postpartum weight change among overweight women, but strongly related among normal-weight women.
To our knowledge, previous epidemiologic studies have not examined differences in the early and late postpartum weight changes by prepregnancy BMI category. The objectives of this study were to assess the in¯uence of pregravid BMI on weight changes related to pregnancy by examining weight changes during early and late postpartum periods, and the percentage of net gestational gain accounted for by these weight changes.
Methods

Study design and selection criteria
The study sample consisted of an urban population of 10 370 adult (age b 18 y) women who had full-term, singleton, live births at Mof®tt Hospital, University of California, San Francisco (UCSF) between 1980 and 1990. From this sample we selected white, black, Hispanic or Asian (mainly Chinese) women who delivered two consecutive singleton births (n 1480) in order to obtain longitudinal data on body weights before, during and after the ®rst study (index) pregnancy. Since UCSF functions as a tertiary medical facility where women with serious medical conditions that are superimposed upon pregnancy are referred at a high rate, we excluded 180 women who had serious medical conditions or who ®tted other exclusion criteria. Examples of serious medical conditions that were pre-existing, or developed during or after the index pregnancy include chronic hypertension, severe chronic asthma, Crohn's disease, appendicitis, cholecystitis and Marfan's syndrome. Other exclusion criteria included infant given up for adoption, psychiatric illness and illegal substance abuse.
The ®nal study sample of 1300 women was not systematically different from the larger UCSF cohort of singleton, full-term, live births in baseline maternal demographic and anthropometric characteristics or newborn infant characteristics (data not shown). However, our study sample intentionally included only healthy women and a greater proportion of primiparous women due to the selection of women with two consecutive births at UCSF.
Data collection
Maternal and infant health outcome data were collected prospectively and recorded in the medical records, and then abstracted into a computerized database (UCSF Perinatal Database) using standard protocol. The speci®c methods and procedures used to collect the data, estimate gestational age, and evaluate quality are described in detail elsewhere. 18, 19 Self-reported data at the ®rst prenatal visit included maternal date of birth, maternal height, pregravid weight, marital status, medications, reproductive history (eg dates of previous deliveries, number of pregnancies, age at menarche), cigarette smoking, raceaethnicity and years of education. Pregnancy-related conditions and medications were recorded in the medical record during each pregnancy. Maternal weight was measured routinely at each antenatal visit (in street clothing and without shoes) on a platform balance beam scale with movable weights. The last weight prior to delivery of the ®rst (index) pregnancy was used as the`delivery weight', and was measured an average of 0.9 weeks before the delivery. 20 Medical records also provided measured 6-week postpartum weights, maternal education, medical conditions between pregnancies, adoptions and psychosocial problems.
The majority of pregnant women report their weight and height with excellent accuracy, 13, 21 and black and white females do not differ in accuracy. 22 To assess the extent of agreement of self-reported pregravid weights with measured pregravid weights in our sample, we obtained measured weights within 6 months of conception (median 3 months) from medical records where available for a subsample of women. Measured pregravid weights were on average 1.5 AE 2.9 (s.d.) kg (n 33), and 1.5 AE 3.3 (s.d.) kg (n 142) higher than the self-reported weights for the index and Early and late postpartum weight changes EP Gunderson et al second study pregnancies, respectively. Previous studies have reported similar mean differences for women. 13, 22, 23 We also assessed the agreement of the self-reported weights with ®rst trimester weights from antenatal visits. We selected the ®rst weight measured between 1 and 13 weeks gestation, mean: 9.5 AE 2.1 (s.d.) weeks gestation, which was available for 695 women. The ®rst trimester measured weight was on average 1.7 AE 2.3 (s.d.) kg greater than the self-reported pregravid weight, and varied by pregravid BMI group (P-value`0.04). Overweight and obese women had a larger difference between self-reported and measured ®rst trimester weights compared to underweight women (mean AE s.e.; 2.3 AE 0.3 and 2.2 AE 0.4 kg vs 1.4 AE 0.2 kg, respectively), but the normal BMI group (1.7 AE 0.1 kg) did not differ from other BMI groups. Part of the discrepancy between the self-reported and ®rst trimester measured weights may be due to actual weight gain during the ®rst trimester.
In our sample, self-reported pregravid weight was consistently 1 ± 2 kg lower than measured preconception and ®rst trimester weights. Therefore, gestational gain and late postpartum weight loss would be overestimated by 1 ± 3 kg depending on the BMI group. Given that gestational gain and postpartum weight loss are lower for high BMI groups, variation in reporting error would mask differences between BMI groups since estimated weight changes would be more similar. Therefore, reporting error would attenuate the`true' association between late postpartum weight change and BMI group. Self-reported pregravid weight is widely available in clinical records, and is reasonably accurate for examining relative differences in weight changes in populations. Our estimates of absolute weight change for the early postpartum period are the most reliable since they are based on two measured weights.
De®nition of variables
Maternal weights were available before conception and delivery, and at 6 weeks postpartum for the index pregnancy, and before conception for the subsequent study pregnancy. Three non-overlapping weight change variables (net gestational gain, and early and late postpartum weight changes) were derived from these measures. In order to isolate changes in maternal body weight, we subtracted infant birth weight from delivery weight to obtain`net delivery weight'. Net gestational gain was de®ned as net delivery weight (excluding birth weight) minus pregravid weight at the index pregnancy. Early net postpartum weight change was de®ned as 6-week postpartum weight minus net delivery weight (excluding birth weight). Thus, we de®ned early net postpartum weight change using the same criteria for net gestational gain. Late postpartum weight change was de®ned as reported pregravid weight at the second study pregnancy minus 6-week postpartum weight for the index pregnancy. The percentages of net gestational gain accounted for by the weight loss during each postpartum period and for the entire period were calculated. Net weight change overall is the difference between pregravid weight for the index pregnancy and pregravid weight at the second study pregnancy.
The interval between pregnancies (interpregnancy interval) is the time period from the index delivery until conception of the second study pregnancy. Maternal age is age at ®rst study delivery. Pregravid body mass index (BMI) categories were constructed according to the categories currently recommended by the Institute of Medicine (IOM) for pregnant women in the US: underweight`19.8, normal weight 19.8 ± 26.0, overweight b 26.0 ± 29.0, very overweight (obese) b29.0 kgam 2 .
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Measured postpartum weight data Postpartum visits occurred at varying time intervals; mean ( AE s.d.) equaled 6.5 AE 5.8 weeks with an interquartile range of 3 weeks. Ninety-®ve percent of early postpartum weights were measured within 13 weeks of delivery. All measured postpartum weights were statistically adjusted to exactly 6 weeks postpartum (mean time of early postpartum weight measurement) using a simple linear regression model where postpartum weights were regressed on time of the postpartum visit to obtain an average slope (b À0.136 kgawk) for the entire sample. Minor changes in measured weights resulted; fewer than 25 weights were altered by more than 1 kg. The means, medians and standard deviations for the measured 6-week postpartum data as collected were similar to the adjusted weights (data not shown). Anthropometric data (pregravid weight for each pregnancy and delivery weight for the index pregnancy) were present for more than 98% of the subjects from the UCSF Perinatal Database. Six-week postpartum weights for the index pregnancy were available for 76% of the cohort (n 985) after removal of four outlier weights that represented measurement error. We examined differences in subjects' characteristics according to completeness of weight and covariable data (Table 1) . Missing postpartum visit data was associated with earlier years of the ®rst study delivery, multiparity and education level of high school or less. Women who delivered the ®rst infant during 1980 ± 1982 were much more likely to be missing the postpartum weight data: 31% vs 17 ± 19% missing for deliveries in subsequent years. There was no evidence of differences between the two groups according to pregravid BMI category, interval between pregnancies, mode of delivery, marital status, gestational weight gain, hypertension of pregnancy, maternal age, smoking habit and raceaethnicity. The ®nal study sample included 985 women with complete data on four sequential weights and covariables.
Statistical analyses
Differences in means between the four pregravid BMI groups for ®ve maternal characteristics at the index Early and late postpartum weight changes EP Gunderson et al pregnancy (height, age, education, length of gestation and interpregnancy interval) were assessed using analysis of variance techniques. w 2 tests were used to assess differences between the four pregravid BMI groups in frequencies of maternal baseline characteristics including marital status, raceaethnicity, smoking habit and parity, and pregnancy characteristics including hypertension of pregnancy and mode of delivery.
The correlations between each weight change variable and maternal height, parity, education, age and time intervals (length of gestation or interpregnancy interval) were assessed using Pearson correlation coef®cients.
Means for net gestational gain, and early and late postpartum weight changes were evaluated using one-way analysis of variance techniques comparing the four pregravid BMI groups. Analysis of covariance was used to adjust the mean weight change estimates for maternal characteristics that either differed by BMI group, or correlated with the weight changes. The covariables included in the models were raceaethnicity, smoking habit, maternal age, parity, education, maternal height, hypertension of pregnancy and mode of delivery. Applicable time intervals were included as covariables in the models; we included length of gestation in the model of net gestational gain, and interpregnancy interval in the late weight change model. Interaction terms for raceaethnicity within the BMI groups were included in the analysis of covariance models. There was no evidence of interactions for any of the models within BMI groups strati®ed by raceaethnicity. However, for descriptive purposes we display the mean weight changes according to BMI group separately for each raceaethnicity, as well as for the raceaethnicity groups combined.
Results
Complete weight and covariable data were available for 76% of the initial cohort. Most subjects' characteristics (raceaethnicity, pregravid BMI category, smoking habit, marital status, maternal age, gestational gain, mode of delivery, hypertension of pregnancy and interpregnancy interval) did not differ according to availability of 6-week postpartum weight data. The primary reason for missing postpartum weights was lack of postpartum outpatient visit forms in the medical record in the early 1980s.
The four pregravid BMI groups (Table 2 ) differed by several covariables including education level, gestational age, parity, mode of delivery, hypertension of pregnancy, smoking habit and raceaethnicity. There were no differences in marital status, mean maternal height, age or interpregnancy interval among the pregravid BMI groups.
We combined the four raceaethnicity groups in the analyses because no interactions within the BMI groups by raceaethnicity were found for any of the weight changes (P-values for interaction terms were: gestational net gain 0.80; early net postpartum change 0.78; late postpartum change 0.56). Mean estimates were adjusted for education, smoking habit, raceaethnicity, maternal height, age, mode of delivery, hypertension of pregnancy, and time interval for the measure. The unadjusted and adjusted estimates of mean weight changes differed only slightly (Table 3) . Mean net gestational gain and late postpartum weight changes differed by pregravid BMI group. Obese women had the lowest net gain during pregnancy Ð 11.5 vs 14.0 kg for the overweight women Ð and the smallest (À0.3 kg) late postpartum weight Early and late postpartum weight changes EP Gunderson et al loss compared with other BMI groups. Early net postpartum weight loss was similar for all groups; means ranged from À6.6 to À6.3 kg. The pattern of weight changes during and after the index pregnancy differed according to pregravid body size (Figure 1 ). Underweight, normal-weight and BMI groups gained more weight during pregnancy, and continued to lose weight over the late postpartum period, while late postpartum weight loss diminished for overweight and obese women (Figure 1 ). Similar patterns in the mean weight changes for the pregravid BMI groups (Table 4) were found among Whites and Blacks. Too few Asians and Hispanics were classi®ed in the high BMI groups (Table 2 ) to obtain stable estimates. These data are consistent with the statistical test for no interaction. No interactions within BMI groups for raceaethnicity and weight changes (gestational net gain, P-value 0.80; early net postpartum weight change, P-value 0.78; late postpartum weight change, P-value 0.56). a Adjusted for covariables: raceaethnicity, smoking habit, maternal age, parity, education, maternal height, hypertension of pregnancy, mode of delivery, and where applicable interval between pregnancies (late postpartum) or weeks gestation (net gestational gain). 
Early and late postpartum weight changes EP Gunderson et al
The percentage of net gestational gain that was accounted for by early and late postpartum weight losses and the overall percentage are displayed in Table 5 . Obese women lost the greatest percentage of net gestation gain during the early postpartum period; 57% vs 49, 48 and 45% for underweight, normal and overweight groups, respectively. By contrast, obese women lost much less during the late postpartum period: 2.8% vs 33, 32 and 24% for underweight, normal and overweight groups, respectively. The percentage of net gestational gain that was lost over the entire postpartum period (early and late periods combined) was much higher for the underweight and normal-weight groups (about 80%) compared with 68 and 60% for overweight and obese groups, respectively.
High BMI groups were more likely to gain over 2 kg (Figure 2 ) during the late postpartum period (43% of obese and 22.5% of overweight women compared with 8% and 2% of normal-weight and underweight women, respectively, P-value`0.001). Overall adjusted net weight increase from conception of the index pregnancy until the next Note: estimates are unstable for overweight and obese women since the sample size is very small within speci®c raceaethnicity groups (eg obese, Asians, n 2; and Hispanics, n 6). 
Discussion
Body weight increases related to pregnancy may result from retention of gestational gain, postpartum weight gain associated with lifestyle changes, or pre-existing characteristics such as pregravid BMI. Most studies have not been able to differentiate retention of gestational gain from actual weight increases during the postpartum period, and few have examined differences in weight change by pregravid BMI category. Given that gestational gain is strongly correlated with increased postpartum weight, 1, 2, 7, 8 pregravid BMI may have an important effect on this relationship. 4, 8, 11, 17 For example, averageanormal size women may be more likely to retain gestational gain, and overweight or obese women to gain weight over the long-term postpartum period. 2, 8, 17 Our data indicate that the greater`weight retention' reported among women with high pregravid BMI is undoubtedly confounded by differences in early and late postpartum weight changes.
Two other studies 1,2 have provided longitudinal data on both early (less than 6 weeks) and late (6 ± 12 months) postpartum weight changes, but neither examined the patterns for BMI groups. One study suffered a high drop-out rate (above 40%) at the 6 month postpartum visit, and had small numbers of overweight women. 1 Based on the reported mean early postpartum weight and infant birth weight from these large cohort studies, we calculated`net' weight loss (excluding infant birth weight) during the early postpartum period. Mean early net postpartum weight loss of approximately 6 kg for the Swedish 2 and American 1 women was similar to our study.
To our knowledge, our study is the ®rst to compare both early and late postpartum weight changes among pregravid BMI groups, and to assess the percentage of net gestational gain accounted for during these periods. We assessed the in¯uence of BMI on the three longitudinal weight change measures separately to differentiate between physiological and secular in¯uences on maternal weight change. Since total gestational gain differs by pregravid BMI group, postpartum weight changes would also be likely to differ substantially. Previous studies have used total gestational gain, and have not removed infant birth weight from either postpartum weight change or gestational gain. Since fetal birth weight is part of both total gestational gain and early postpartum weight loss (part-whole correlation bias), we removed infant birth weight to assess the amount and percentage of weight change attributed primarily to maternal body weight change.
Our ®ndings suggest that early net postpartum weight changes do not differ by pregravid BMI group, but that late postpartum weight changes differ signi®cantly. Adjustment of the estimates for nine covariates did not change the means appreciably. Early net weight loss in this study was remarkably similar across the four pregravid BMI groups. These ®ndings are consistent with the lack of an association between pregravid weight and weight increase from preconception to 6 weeks postpartum reported by Muscati and colleagues. 15 Early weight changes represent loss of the placenta and amniotic¯uid, and contraction of maternal blood volume and other body components. Women are likely to have restricted activity patterns and altered sleep cycles during the 6-week postpartum period such that physical activity levels may show less variation by BMI group than usual. Early weight loss may be determined to a large extent by reversal of the physiological processes of Figure 2 Percentage of women within categories of late postpartum weight change (gain b2 kg, loss b À2 kg, and stable AE 2 kg) according to pregravid BMI group.
Early and late postpartum weight changes EP Gunderson et al pregnancy, and represents mostly loss of non-adipose tissue. Thus, the similarity of BMI groups is more likely during this time period, particularly since infant birth weight is removed from the weight change estimates. In addition, the early postpartum weight change is the only estimate in which both weights (delivery weight and 6-week postpartum weight) were measured. Thus, recall bias is not a factor. In our study, late postpartum weight changes (median 2 y postpartum) varied greatly by pregravid BMI group. Late postpartum weight change is likely to represent an alteration in body fat stores. The 4 kg difference in mean late postpartum weight loss (À0.3 kg for obese vs À4.3 kg for normal-weight women) in our study is probably an underestimate of the true difference (eg obese women may have gained rather than lost weight). High BMI groups were also 3 ± 5 times more likely to gain above 2 kg during the late postpartum period than the average BMI group. Previous studies have reported lower gestational fat gains among overweight and obese women compared to underweight and normal-weight women (3.5 AE 4.1 and À0.6 AE 4.6 kg vs 6.0 AE 2.6 and 3.8 AE 3.4, respectively), 24 and have found much higher late postpartum weight gains among heavier women.
11 Thus, late postpartum weight gain may be responsible for the higher weight`retention' from preconception to postpartum observed among high BMI groups, particularly since these women have lower average gestational gains with greater variability compared to women of average and low BMI. 4, 12 Our data support the contention that retention of gestational gain is unlikely to explain the higher body weight increase following pregnancy among obese women, and to some extent among overweight women.
Several limitations in this study must be considered. First, generalizability is limited by selection of women with two consecutive pregnancies, who may not be representative of pregnant women in general. Although 6-week postpartum weights were missing for 24% of the sample, it is unlikely that systematic differences in gestational or postpartum weight change would have in¯uenced missing status. Differences by raceaethnicity may not have been identi®ed due to the small number of black and Hispanic women. In addition, several factors that may confound the relationship between BMI group and postpartum weight changes were not assessed, including lactation, employment, changes in eating habits, physical activity and stress. For example, fat store mobilization during the ®rst 6 months postpartum has been estimated at 1 ± 2.5 kg among lactating women, 25 ,26 yet lactation appears to have a minimal impact on long-term weight retention. 27 Finally, use of self-reported pregravid weights may bias estimates of weight changes that are not predictable from mean values. However, we were able tò validate' the pregravid weights for a subsample of women. The error of 1 ± 2 kg would have caused mean weight changes to be more similar for the BMI groups. Thus, self-reported weights are valid for comparison of relative weight changes between groups in large epidemiologic studies.
Given these limitations, our data show that early net postpartum weight change does not vary by maternal pregravid BMI, but late postpartum weight change does. Rather than continue to lose weight at the same level as other BMI groups during the early postpartum period, obese women may be more likely to maintain or gain weight beyond 6 weeks postpartum. Conversely, normal and underweight BMI groups are likely to continue to lose weight during the late postpartum period and any net increase in body weight is probably a re¯ection of retention of gestational gain, agerelated increase, or reporting bias in pregravid weight. Serial weight measurements are needed to accurately characterize the pattern of postpartum weight change, and to differentiate retention of gestational gain from weight gain during the late postpartum period. These patterns appear to vary by pregravid BMI group, indicating that late, but not early postpartum weight changes may depend on pregravid body size. A combination of factors including a predisposition to store and retain body fat in response to pregnancy, intentional dieting for weight loss, rate of weight change prior to pregnancy, and lifestyle changes related to child-rearing may explain the differences for BMI groups.
